Background and Purpose-We sought to determine whether folic acid supplementation can independently reduce the risk of first stroke associated with elevated total cholesterol levels in a subanalysis using data from the CSPPT (China Stroke Primary Prevention Trial), a double-blind, randomized controlled trial. Methods-A total of 20 702 hypertensive adults without a history of major cardiovascular disease were randomly assigned to a double-blind daily treatment of an enalapril 10-mg and a folic acid 0.8-mg tablet or an enalapril 10-mg tablet alone. The primary outcome was first stroke. Results-The median treatment duration was 4.5 years. For participants not receiving folic acid treatment (enalapril-only group), high total cholesterol (≥200 mg/dL) was an independent predictor of first stroke when compared with low total cholesterol (<200 mg/dL; 4.0% versus 2.6%; hazard ratio, 1.52; 95% confidence interval, 1.18-1.97; P=0.001). Folic acid supplementation significantly reduced the risk of first stroke among participants with high total cholesterol (4.0% in the enalapril-only group versus 2.7% in the enalapril-folic acid group; hazard ratio, 0.69; 95% confidence interval, 0.56-0.84; P<0.001; number needed to treat, 78; 95% confidence interval, 52-158), independent of baseline folate levels and other important covariates. By contrast, among participants with low total cholesterol, the risk of stroke was 2.6% in the enalapril-only group versus 2.5% in the enalapril-folic acid group (hazard ratio, 1.00; 95% confidence interval, 0.75-1.30; P=0.982). The effect was greater among participants with elevated total cholesterol (P for interaction=0.024). Conclusions-Elevated total cholesterol levels may modify the benefits of folic acid therapy on first stroke. Folic acid supplementation reduced the risk of first stroke associated with elevated total cholesterol by 31% among hypertensive adults without a history of major cardiovascular diseases. Clinical Trial Registration-URL: http://www.clinicaltrials.gov. Unique identifier: NCT00794885.
H ypercholesterolemia is a recognized risk factor for stroke. There is a considerable interest in the efficacy of folic acid therapy in lowering the risk of stroke associated with hypercholesterolemia. In the HOPE-2 trial (Heart Outcomes Prevention Evaluation 2), 1 high total cholesterol (TC) levels were associated with an increased risk of stroke in the placebo group (6.6% versus 3.9%; P<0.01). Consistently, folic acid therapy showed a trend toward a greater benefit in reducing stroke among patients with higher baseline TC levels than among patients with lower baseline TC levels (P for interaction=0.34). A meta-analysis 2 of 15 randomized controlled trials found that folic acid supplementation reduced the risk of stroke by 8% on average (relative risk [RR] , 0.92; 95% confidence interval [CI] , 0.86-1.00), but the effect was greater among those trials with a lower percent use of statins (RR, 0.77; 95% CI, 0.64-0.92), suggesting that the benefits of folic acid supplementation in the prevention of stroke might be hindered by concomitant use of statins because of the possibility of overlapping biological mechanisms.
Although it is plausible that folic acid therapy may lower the risk of stroke associated with hypercholesterolemia, particularly in patients not taking statins, to date, this hypothesis has not been tested in randomized trials. Indeed, hypertension is recognized as a major and modifiable risk factor of stroke. Furthermore, hypertension and elevated homocysteine concentrations have shown a multiplicative effect on cardiovascular disease risk. 3, 4 We chose to carry out the trial in Chinese hypertensive patients because we speculated that hypertensive adults in regions without mandatory folic acid fortification may particularly benefit from homocysteine-lowering therapy along with antihypertension therapy. Therefore, the CSPPT (China Stroke Primary Prevention Trial), a multicommunity, double-blind, randomized controlled trial, compared the efficacy of a combination of the angiotensin-converting enzyme inhibitor enalapril and folic acid with enalapril alone in reducing the risk of first stroke in Chinese adults with hypertension. 5 This report, a subanalysis using data from the CSPPT (see the Statistical Analysis Plan of the CSPPT), 5 sought to determine whether folic acid supplementation can independently reduce the risk of first stroke associated with elevated TC levels. A unique aspect of the CSPPT is the low percentage of concomitant use of lipid-lowering drugs (0.8%) at baseline among the study participants, offering an opportunity to determine the independent and interactive effects of folic acid supplementation with elevated TC on first stroke without confounding by statins.
Methods
The methods and primary results of the CSPPT trial have been reported elsewhere. 5 Briefly, a total of 20 702 hypertensive adults without a history of major cardiovascular disease were randomly assigned to a double-blind daily treatment of an enalapril 10-mg and a folic acid 0.8-mg tablet or an enalapril 10-mg tablet alone. Participants were scheduled for follow-up every 3 months.
This study was approved by the Ethics Committee of the Institute of Biomedicine, Anhui Medical University, Hefei, China (FWA assurance number: FWA00001263). All participants gave written informed consent.
Outcomes
The primary outcome was first stroke. The secondary outcomes included first ischemic stroke (fatal or nonfatal), first hemorrhagic stroke (fatal or nonfatal), and a composite of cardiovascular events consisting of cardiovascular death, myocardial infarction, and stroke.
Statistical Analysis
Means (SD) or medians (25th percentile, 75th percentile) and proportions were calculated for population characteristics by the treatment groups in accordance with baseline TC strata (≥200 versus <200 [desirable levels] 6 mg/dL). Low-density lipoprotein cholesterol (LDL-C) was estimated by the Friedewald formula 6 as follows: LDL-C, mg/dL=TC−(high-density lipoprotein cholesterol [HDL-C])−(triglycerides/5).
The hazard ratios (HRs) and 95% confidence intervals (CIs) for the risk of the primary outcome associated with elevated TC levels (≥200 versus <200 mg/dL) were estimated using Cox proportional hazards models stratified by treatment groups with adjustment for major covariates.
We further assessed the effect of folic acid supplementation on the prevention of study outcomes according to different TC strata, as well as assessed the interaction between baseline TC strata and folic acid therapy on the study outcomes by means of Cox proportional hazards regression both before and after adjustment for the major covariates. Interactions were examined by including interaction terms in the Cox models.
A 2-tailed P<0.05 was considered to be statistically significant in all analyses. R software, version 3.2.0 (http://www.R-project.org/) was used for all statistical analyses.
Results

Study Participants and Baseline Characteristics
The total sample of the CSPPT was 20 702. Of these, 166 participants who were taking lipid-lowering medications and 370 participants who were missing TC data at baseline were excluded from the analysis. A total of 20 166 participants were included in the final analysis ( Figure I in the online-only Data Supplement).
At baseline, 11 862 participants (58.8%) had high TC levels (≥200 mg/dL), 8304 participants (41.2%) had low TC levels (<200 mg/dL). Although there were significant differences in baseline characteristics between participants with low TC levels (<200) and with high TC levels (≥200 mg/dL; Table I in the online-only Data Supplement); all of the baseline characteristics were comparable between the 2 treatment groups within each baseline TC strata, with the exception of a higher use of antiplatelet drugs in the enalapril-only group among participants with high TC levels ( Tables 1 and 2 ).
Effects of Folic Acid Therapy on Serum
Folate, Blood Pressure, and TC Levels Table 2 shows that compared with the enalapril-only group, the enalapril-folic acid group showed significantly increased serum folate concentrations. However, there were no significant group differences in TC, systolic blood pressure, or diastolic blood pressure levels both at baseline and after treatment within each baseline TC strata.
We found that mean folate levels in the enalapril-only group also increased substantially ≈54% during the course of the trial. The cause of this increase is unclear. During the course of the study, subjects received nutritional health education,
Interactive Effect of Folic Acid Therapy and TC on First Stroke
Over the median treatment duration of 4.5 years, for participants not receiving folic acid (the enalapril-only group), high baseline TC levels (≥200 versus <200 mg/dL; 4.0% versus 2.6%; HR=1.52; 95% CI, 1.18-1.97; P=0.001) were significantly associated with increased risk of first stroke, after adjustment for major covariates (age, sex, MTHFR C677T genotypes, systolic blood pressure and diastolic blood pressure at baseline, mean systolic blood pressure and diastolic blood pressure over the treatment period, body mass index, Figure 1 ). Similar results were found for ischemic stroke ( Figure 1 ). Kaplan-Meier curves of the cumulative event rate of first stroke and ischemic stroke for the 2 treatment groups within each baseline TC strata are shown in Figure 2 . Folic acid therapy did not have a significant effect on risk of first stroke (2.6% in the enalapril-only group versus 2.5% in the enalapril-folic acid group; HR, 1.00; 95% CI, 0.75-1.30; P=0.982) in participants with low baseline TC levels (<200 mg/dL). In contrast, among participants with high baseline TC levels (≥200 mg/dL), folic acid therapy significantly reduced the risk of first stroke to a level that was on par with participants with low baseline TC levels (4.0% in the enalapril-only group versus 2.7% in the enalapril-folic acid group; HR, 0.69; 95% CI, 0.56-0.84; P<0.001; number needed to treat [4.5 years], 78; 95% CI, 52-158), independent of baseline folate levels and other important covariates listed above. The interaction between baseline TC levels and folic acid therapy on risk of first stroke was significant (P for interaction=0.024). The overall results were consistent for ischemic stroke (P for interaction=0.035), the composite of stroke, myocardial infarction, or death from cardiovascular causes (P for interaction=0.026), and composite of stroke or all-cause death (P for interaction=0.038), but not for hemorrhagic stroke (P for interaction=0.485; Table 3 ). Similar results were observed between baseline LDL-C levels (≥100 versus <100 [optimal levels] 6 mg/dL) and folic acid therapy on incident stroke (Table II in the online-only Data Supplement). Exclusion of participants with LDL-C≥190 mg/dL or diabetes mellitus or fasting glucose ≥7.0 mmol/L at baseline did not change the benefits for participants with high LDL-C levels (LDL-C≥100 mg/dL: HR, 0.76; 95% CI, 0.61-0.93 versus LDL-C<100 mg/dL: HR, 1.32; 95% CI, 0.82-2.12; P for interaction=0.032).
The 20th percentiles of LDL-C and TC levels were ≈100 and 177 mg/dL, respectively. Greater beneficial results were also observed in participants with TC≥177 mg/dL (HR, 0.72; 95% CI, 0.61-0.86) versus TC<177 mg/dL (HR, 1.28; 95% CI, 0.83-1.98; P for interaction=0.017).
Exploratory Stratified Analyses by Important Covariables
The Table III in the online-only Data Supplement showed that of all the listed subgroups, there was a greater beneficial effect for the enalapril-folic acid group than for the enalaprilonly group on risk of first stroke for participants with high TC levels at baseline than those with low TC levels at baseline although many of the comparisons were not statistically significant. Similar results were also observed between baseline 
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LDL-C and folic acid therapy on first stroke in different subgroups (Table IV in the online-only Data Supplement).
Discussion
This study was the first to demonstrate that elevated TC levels modify the benefits of folic acid supplementation on first stroke. Folic acid therapy significantly reduced the risk of first stroke associated with elevated TC levels by 31%, independent of baseline folate levels and other important covariates. Our results have important clinical and public health implications. Elevated level of TC is a recognized risk factor for stroke and has become a major public health concern throughout the world. 7 From 2011 to 2012, 38.9% of US adults aged 20 to 49 years and 75.8% of US adults aged ≥50 years had TC levels ≥200 mg/dL. 8 In China, from 2000 to 2001, the agestandardized prevalence of high TC levels (≥200 mg/dL) was 32.8% in a nationally representative sample of 15 540 Chinese adults aged 35 to 74 years. 9 In the recently published results of the HOPE-3 study (Heart Outcomes Prevention Evaluation 3), treatment with rosuvastatin 10 resulted in a significantly lower risk of cardiovascular events than placebo in an intermediaterisk, ethnically diverse population without cardiovascular disease. However, although statins are the major class of drug most commonly used to lower cholesterol to prevent cardiovascular diseases including stroke, there are several issues associated with statin use. First, statin intolerance occurs in 10% to 15% of patients. 11 Patients who take statins can experience a series of adverse effects, including myopathy and new-onset diabetes mellitus, which is particularly common in Asian populations. 12, 13 The value of other lipid-lowering therapies in patients who cannot tolerate statins in the primary prevention of stroke is uncertain.
14 Second, even among individuals with cardiovascular disease, the usage of statin medication is much lower among middle-to low-income countries: 17.5% in upper middle-income countries, 4.3% in lower middleincome countries, 3.3% in low-income countries, and 1.7% in China, compared with 66.5% in high-income countries. 15 There are >1 billion hypertensive patients worldwide 16 (≈300 million in China 17 ). From a public health perspective, in China alone, a 1.3% decrease in absolute stroke risk (number needed to treat=78) associated with folic acid supplementation in patients with hypercholesterolemia could translate into sparing ≈2 million people from stroke >4.5 years. Furthermore, we have shown that folic acid had no adverse effect on tolerability of an enalapril-based antihypertensive treatment. 5 The recommendations of statin medications for the primary prevention of cardiovascular diseases vary substantially among several recently published guidelines. According to 2013 guidelines produced the American College of Cardiology/American Heart Association, 18 for primary prevention, statin medications should be initiated for individuals with primary elevations of LDL-C≥190 mg/dL, diabetes mellitus, or an estimated 10-year cardiovascular events risk of ≥7.5%. Our results showed that after excluding participants *Adjusted for age, sex, MTHFR C677T genotypes, study centers, systolic blood pressure, and diastolic blood pressure at baseline, mean systolic blood pressure and diastolic blood pressure over the treatment period, body mass index, baseline laboratory measurements for vitamin B12, folate, homocysteine, triglycerides, high-density lipoproteins cholesterol, creatinine and glucose levels, and smoking status. with LDL-C≥190 mg/dL or diabetes mellitus at baseline, we still found significantly beneficial results from folic acid supplementation for participants with LDL-C≥100 mg/dL but <190 mg/dL. Furthermore, the beneficial effects were consistent in participants with relatively lower cardiovascular risk, such as younger patients, women, or those with lower glucose levels or lower blood pressure at both baseline and during the treatment period. These results suggest that folic acid supplementation may possibly have a role in the primary prevention of stroke among individuals with relatively low estimated risk for cardiovascular events.
Hypercholesterolemia may influence 3 aspects important to atherothrombosis: endothelial function, platelet aggregation (primary coagulation), and secondary coagulation. 19 Consistently, several studies have demonstrated that folic acid ameliorates endothelial dysfunction and nitrate tolerance and can improve pathological features of atherosclerosis. 20 Folic acid also has a potent homocysteine lowering effect, as well as direct antioxidant and antithrombotic effects. 21 In fact, the potential mechanisms underlying the benefits of statins are similar and also include improved endothelial dysfunction and a positive effect on the fibrinolytic system and platelet function. 22 Our findings should stimulate further investigation into the mechanisms underlying the interactive effect of folic acid and high TC on stroke. This line of further research may provide new insights into the pathogenesis of stroke and inform novel preventive and treatment strategies for stroke.
Inadequate folate intake is prevalent in most countries lacking mandatory folic acid fortification of foods, including Asia and other continents. In the CSPPT, a folic acid dose of 0.8 mg/d, the ceiling dose 2 of folic acid supplementation in reducing stroke, was used. In the United States, after the introduction of folic acid fortification of food, total folic acid intake was only ≈250 to 400 μg/d in women and 300 to 420 μg/d in men. 23 From 2003 to 2004, the median serum folate concentration in the United States was ≈11.9 ng/mL 24 (versus 19.9 ng/mL in the CSPPT after treatment). Therefore, we speculate that even in countries such as the United States and Canada, where folic acid fortification and use of folic acid supplements are widespread, there may still be room to further reduce stroke risk by introducing a target-specific folic acid therapy for those individuals with hypercholesterolemia. Folic acid is attractive because it is safe and inexpensive. We think that that our findings on the effects of folic acid supplementation on the risk of first stroke associated with hypercholesterolemia have implications for hypertensive adults across the globe. This is a subanalysis of the CSPPT for the primary outcome. The systematic bias in treatment allocation was minimized by the randomized process. The observer bias in the assessment of first stroke was minimized by masking the treatment allocation from investigators, participants, and the independent end point adjudication committee. Random error was reduced by the reasonably large number of outcome events.
Several potential concerns or limitations are worth mentioning. First, one should note that subanalyses of randomized trials have inherent limitations, such as the possibility of residual imbalance in some unmeasured predictive factors at baseline. However, the distribution of important covariables was comparable between treatment groups within each baseline TC strata. Second, this study focused on the primary prevention of stroke in hypertensive adults; the generalizability of our findings to the secondary prevention of stroke or in populations with a high percent use of statins remains to be determined. Third, previous studies have reported that antiplatelet therapy possibly modifies the potential benefits of folic acid supplementation in the secondary prevention of vascular events. 25 In the CSPPT study, only ≈3% of the participants were exposed to antiplatelet drugs; this number is too small for any meaningful analysis of the possible interaction between antiplatelet drugs and the effect of folic acid therapy on the primary prevention of stroke. Fourth, in the CSPPT, the stroke was not quantified using National Institute of Health Stroke Scale. Therefore, we could not evaluate the association between folic acid supplementation and risk of moderate-to-severe stroke. Another limitation of the CSPPT is the lack of classification of subtypes of ischemic stroke based on mechanisms such as the Trial of ORG 10172 in Acute Stroke Treatment classification. In addition, C-reactive protein was not measured at baseline and could not be included in the multivariable models as a potential confounder. Therefore, we cannot rule out the possibility of residual confounders. More importantly, statistical power was calculated for the main effect (the primary objective) of the CSPPT. All the subgroup analyses were exploratory without taking multiple testing into consideration. Therefore, our results are hypothesis generating. Confirmation of our findings in an independent population is essential.
Conclusions
Among hypertensive patients without a history of major cardiovascular diseases in China, elevated TC levels modified the benefits of folic acid supplementation on risk of first stroke. Folic acid supplementation reduced the risk of first stroke associated with elevated TC levels by 31%, independent of baseline folate levels and other important covariates. If confirmed by further studies, high TC may serve as an indicator for folic acid supplementation or higher folate intake in the primary prevention of stroke in hypertensive patients, particularly those who do not have access to statins (populations from low-income countries).
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Disclosures
Procedures
Eligible participants were randomly assigned, in a 1:1 ratio, to one of two treatment groups: a daily oral dose of one tablet containing 10mg enalapril and 0.8mg folic acid (the enalapril-folic acid group), or a daily oral dose of one tablet containing 10mg enalapril only (the enalapril only group). During the trial period, B-vitamin supplements were not allowed, however concomitant use of other antihypertensive drugs (mainly calcium channel blockers or diuretics) was allowed.
Seated blood pressure measurements were obtained by trained research staff after the patients had been seated for 10 minutes using a mercury manometer, and using the standard method and appropriately sized cuffs. Triplicate measurements on the same arm were taken, with at least 2 min between readings. The mean SBP and DBP of the three independent measures were used in analysis.
Participants were followed up every three months. At each visit, the blood pressures were measured, the numbers of pills taken between visits were counted, and concomitant medications and adverse events were recorded.
Outcomes
The primary outcome was a first nonfatal or fatal stroke (ischemic or hemorrhagic), excluding subarachnoid hemorrhage and silent stroke. The secondary outcomes included first ischemic stroke (fatal or non-fatal); first hemorrhagic stroke (fatal or non-fatal); and a composite of cardiovascular events consisting of cardiovascular death, MI and stroke.
All outcomes were reviewed and adjudicated by an independent end-point adjudication committee whose members were unaware of study group assignments.
Statistical Analysis
Means (standard deviation) or medians (25 th percentile, 75 th percentile) and proportions were calculated for population characteristics by the treatment groups in accordance with baseline TC strata {≥5.2 versus <5.2(desirable levels) mmol/L}. The differences in population characteristics were compared using two-sample t-tests, The efficacy analyses were conducted according to the intention-to-treat principle.
The hazard ratios (HRs) and 95% confidence intervals (CI) for the risk of the primary outcome associated with elevated TC levels (≥5.2 versus <5.2mmol/L) were estimated using Cox proportional hazards models stratified by treatment groups with adjustment for age, sex, MTHFR (methylenetetrahydrofolate reductase) C677T genotypes, study centers, SBP and DBP at baseline, mean SBP and DBP over the treatment period, body mass index (BMI), baseline laboratory measurements for vitamin B12, folate, homocysteine, TG, HDL-C, creatinine and glucose levels, and smoking status.
We further assessed the effect of folic acid supplementation on the prevention of study outcomes according to different TC strata, as well as assessed the interaction between baseline TC strata and folic acid therapy on the study outcomes by means of Cox proportional hazards regression both before and after adjustment for the above covariables. Interactions were examined by including interaction terms in the Cox models. A sensitivity analysis with a composite outcome consisting of the primary outcome and all-cause death was also performed. We also assessed the consistency of the interaction effect in different subgroups of participants. A similar approach was applied to the interaction between baseline LDL-C {≥2.6 versus <2.6 (optimal levels) mmol/L} strata and folic acid therapy on the primary outcome.
A two-tailed P<0.05 was considered to be statistically significant in all analyses.
R software, version 3.2.0 (http://www.R-project.org/) was used for all statistical analyses.
